The ligands L 1 and L 2 both form dinuclear assemblies with Cu(II) and these react with dihydrogen phosphate so that the anion is incorporated within the assembly (e.g. [Cu2L2(H2PO4)] 3+ ). However, in the presence of tetrafluoroborate anions the phosphate undergoes reaction with the anion forming [Cu3(L 1 )3(O3POBF3)] 3+ and [Cu2(L 2 )2(O2P(OBF3)2)] + .
Metallo-supramolecular chemistry is the self-assembly of structurally complex architectures from the coordination of suitably instructed ligand strands and metal ions. 1 In the helicate form a ligand is employed that can partition into two donor domains, each of which coordinates a different metal ion and a further ligand coordinates the remaining metal sites on the cation giving a dinuclear double helicate [M2L2] n+ . 2 Whilst the linear helicate is arguably the simplest form of assembly there are many different species that can be formed such as circular helicates, grids, ladders and cages. 3 One application of metallo-supramolecular chemistry is the selfassembly of anion receptors. Anions are chemically important species and their detection and sequestering is an important area of study. Whilst there has been a great deal of effort in this area, many anion receptors are often complex to prepare and often require multi-step synthesis. 4 One method to circumvent complex synthetic procedures is to generate anion receptors from self-assembly, where the receptor is not synthesized in the conventional sense but is rather assembled in solution, generating a complex architecture from smaller pre-programmed chemical fragments. 5 As a result the selfassembly of metallo-supramolecular species can produce suitably functionalised architectures that bind anions, forming receptors that are capable of sensing and sequestering these important chemical species. For example, we have shown that a bis-bidentate ligand containing a 1,3-diaminophenylene spacer forms dinuclear double helicates with Cu(II) and contained within this species is a cavity which binds perchlorate and tetrafluoroborate anions. Reaction of this with dihydrogen phosphate changes the dinuclear structure to a trinuclear circular helicate that forms phosphate-phosphate hydrogen bonded dimers in the solid state. 5i In this work we show how two ligands that contain two bidentate pyridyl-thiazole domains, separated by either a 1,2diaminoethyl (L 1 ) or 1,4-diaminobutyl (L 2 ) spacer, form dinuclear assemblies upon coordination with Cu(trif)2 (e.g.
[Cu2L2](trif)4) and upon reaction with H2PO4ˉ the dihydrogen phosphate anion is incorporated within the assembly. However, reaction of L 1 or L 2 with Cu(BF4)2 and H2PO4ˉ results in the reaction of dihydrogen phosphate with the tetrafluoroborate anion forming a {(POBF3)ˉ} moiety. In the case of [Cu2(L 2 )2(H2PO4)] 2+ this reacts with two BF4ˉ anions forming [Cu2(L 2 )2(O2P(OBF3)2)] + whereas [Cu2(L 1 )2(H2PO4)] 3+ only reacts once and forms a trinuclear circular helicate [Cu3(L 1 )3(O3P(OBF3))] 3+ . The ligand L 1 was prepared by reaction of ethylenediamine with benzoyl isothiocyanate to give the dibenzoylated dithiourea derivative. Hydrolysis of this with NaOH gave the bis-thiourea and reaction with α-bromoacetylpyridine gave the ligand L 1 . Ligand L 2 was made in a similar fashion using 1,4diaminobutane. Reaction of L 1 with Cu(trif)2 in MeNO2 gives a tan-coloured solution and analysis by ESI-MS gave an ion at m/z 1335 Please do not adjust margins Please do not adjust margins corresponding to {[Cu2(L 1 )2](trif)3} + as well as an ion at m/z 593 corresponding to {[Cu2(L 1 )2](trif)2} 2+ indicating the formation of a dinuclear assembly. Exposure of the solution to diethyl ether gave a crystalline material which was analysed by X-ray crystallography. In the solid-state the ligand partitions into two separate bidentate binding domains each of which coordinates a different Cu(II) ion and both of these ions are coordinated by two bidentate pyridyl-thiazole domains one from each ligand (Fig. 1 ). The metal ions coordination sphere is supplemented by coordination by a triflate counter anion which itself forms a series of hydrogen bonding interactions to two -NH atoms on the same ligand strand (Cu-N range 1.948(2) -2.126(2) Å, Cu-O 2.1693(19) Å). There is no twist about the ligand strand giving rise to a dinuclear double mesocate. Reaction of the mesocate assembly [Cu2(L 1 )2](trif)4 in MeNO2 with half an equivalent of Bu4NH2PO4 results in a lime-green coloured solution from which a crystalline material was deposited upon slow diffusion of diisopropyl ether. In the solid state the dinuclear structure persists and each of the Cu(II) ions are again coordinated by two bidentate pyridyl-thiazole domains from the two different ligands (Fig 2) . However, in this structure a dihydrogen phosphate anion is incorporated within the assembly which bridges the two Cu(II) ions via coordination of the oxygen atoms e.g. [Cu2(L 1 )2(H2PO4)] 3+ (Cu-N range 1.974 (3) Reaction of Cu(BF4)2·6H2O with L 1 and half an equivalent of dihydrogen phosphate in MeNO2 also gives a lime-green solution from which crystals are deposited from slow diffusion of diisopropyl ether. However, analysis by X-ray diffraction showed that, unlike the dinuclear assembly formed with Cu(trif)2, with the BF4ˉ counter anion a trinuclear structure is formed e.g. [Cu3(L 1 )3] 6+ . In the solid-state the assembly contains three metal ions and three ligands with each metal ion coordinated by two bidentate thiazole-pyridyl domains (Cu-N range 1.956(5) -2.504(5) Å) from two different ligands (Fig 3a -3c) . The phosphate anion sits in the core of the assembly and coordinates all three Cu(II) ions via three Cu···O coordination bonds (Cu-O range 1.905(4) -2.013(4) Å) and this is supplemented by a multitude of -NH···anion interactions (Fig  3d) . The most unusual feature of the assembly is one of the phosphate oxygen atoms is bonded to a -BF3 unit, which presumably arises from reaction with the BF4ˉ counter anion. The species is also present in the ESI-MS which gave an ion at m/z 1668 corresponding to {[Cu3(L 1 )3(O3POBF3)](BF4)2} + . The ligand L 2 is similar to L 1 but contains a butyl spacer between the two amine-bidentate domains. Reaction of L 2 with Cu(trif)2 in MeNO2 gives a tan coloured solution which analysis by ESI-MS gives an ion at m/z 1391 and 620 which corresponds to {[Cu2(L 2 )2](trif)3} + and {[Cu2(L 2 )2](trif)2} 2+ respectively. Although we were unable to successfully grow crystals of this species the ESI-MS data, coupled with comparison with L 1 , it seems likely a dinuclear species has been formed. Reaction of this species with Bu4NH2PO4 gives a lime-green coloured solution from which a crystalline material was deposited upon slow diffusion of diisopropyl ether. Analysis by X-ray crystallography showed the expected dinuclear structure with two Cu(II) metal ions coordinated by two bidentate pyridyl-thiazole units from two different ligand strands (Fig. 4) . The phosphate anion bridges the two metal ions coordinating each via two oxygen atoms and the Cu···O coordination is supplemented by a single -NH···anion from each ligand strand (Cu-N range 1.969 (3) Reaction of Cu(BF4)2·6H2O with L 2 and half an equivalent of dihydrogen phosphate in MeNO2 also gives a lime-green solution from which crystals are deposited by slow diffusion of diisopropyl ether. In the solid-state the dinuclear structure is observed as expected. Each of the ligands partition into two bidentate domains and coordinate different metal ions and the phosphate anion bridges the two metal ions (Cu-N range 1.974(5) -2.204(6) Å, Cu-O 2.006(4) Å) in an identical manner to the previously described triflate structure (Fig 5a -5c ). However, in this structure the phosphate has reacted with two tetrafluoroborate anions to give a molecule of {BF3O-PO2-OBF3} 3ˉ. This molecule is held within the self-assembly by two Cu···O coordination bonds and a hydrogen bonding interaction between one of the amine units on the ligand strand and a phosphate oxygen atom. The remaining amine unit on each ligand strand forms a hydrogen bond to one of the fluoride atoms on the -BF3 unit and the same fluoride coordinates the Cu(II) metal ion (Fig. 5d ). Examination of this material by ESI-MS showed ions at m/z 1175 and m/z 1107 corresponding to {[Cu2(L 2 )2(O2P(OBF3)2)]} + and {[Cu2(L 2 )2(O3POBF3)]} + respectively. Also present were smaller ions at 19 mass units higher at m/z 1194 and 1126 corresponding to {[Cu2(L 2 )2(HO3P(OBF3))](BF4)} + and {[Cu2(L 2 )2(HPO4)](BF4)} + , which we attribute to artefacts of the mass spectrometry process. The reaction in this manner is somewhat surprising as tetrafluoroborate is a common anion for numerous applications and is well-known for its chemical stability. Reactions can occur at elevated temperatures and at high or low pH and there is evidence that decomposition of this anion can occur in ionic liquids and in the presence of reactive main group compounds. 6 However, decomposition of the BF4ˉ anion and reaction with phosphate is unprecedented, especially considering the mild conditions. 7 Furthermore, examination of the CCDC shows that the phosphate-borane adducts (e.g. (RO)3PO-BR3) are very rare and not derived from the reaction of phosphate and tetrafluoroborate. 8, 9 Quite why the BF4ˉ anion reacts with phosphate in this manner isn't entirely clear. However, examination of the structure of [Cu2(L 2 )2(H2PO4)](trif)3 shows that two of the triflate counter ions are held close to the encapsulated phosphate anion by a series of -POH····trif and -NH····trif interactions coupled with Cu····O3SCF3 interactions (ave. Cu····O 3.2 Å). It is possible that in the case of the analogous tetrafluoroborate salt the resulting close proximity induces a reaction of the anion with dihydrogen phosphate via either a dissociative (via a BF3 intermediate) or concerted mechanism, eliminating HF. It is worth noting that, due to the more sterically demanding environment imposed by the shorter ethylene spacer, in [Cu2(L 1 )2(H2PO4)](trif)3 only one phosphate is held close to the 2ˉ and the inclusion of the electronegative group (e.g. -OBF3) increases the acidity of the phosphate unit. This increased acidity will allow full deprotonation of the (HO3P-OBF3) 2ˉ unit and subsequently form three Cu···O coordination bonds, acting as a central template for the formation of the trinuclear assembly. However, because of the larger length of the butyl unit in [Cu2(L 2 )2(H2PO4)] 3+ the less sterically demanding environment allows reaction between two of the P-OH bonds and BF4ˉ, precluding the potential templation effect of the (O3P-OBF3) 3ˉ unit.
We have shown that ligands that contain two bidentate pyridyl-thiazole domains, separated by either a 1,2diaminoethyl (L 1 ) or 1,4-diaminobutyl (L 2 ) spacer, form dinuclear assemblies upon coordination with Cu(trif)2 (e.g.
[Cu2L2](trif)4) and these can bind dihydrogen phosphate anions. In the presence of BF4ˉ the dihydrogen phosphate reacts with this anion and forms a {(PO-BF3)ˉ} fragment. In the case of L 2 this reaction occurs twice to form the helicate species [Cu2(L 2 )2(O2P(OBF3)2)] + . With L 1 , which contains the shorter ethylene spacer, the phosphate only reacts once but the structure reassembles to form a trinuclear circular helicate [Cu3(L 1 )3(O3POBF3)] 3+ .
